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Description

Background of the Invention

[0001] This invention relates to fuel cells and, in par-
ticular, to a method of power load recovery in fuel cell
systems.
[0002] A fuel cell is a device which directly converts
chemical energy stored in hydrocarbon fuel into electrical
energy by means of an electrochemical reaction. Gen-
erally, a fuel cell comprises an anode and a cathode sep-
arated by an electrolyte, which serves to conduct elec-
trically charged ions. In order to produce a useful power
level, a number of individual fuel cells are stacked in se-
ries with an electrically conductive separator plate be-
tween each cell.
[0003] Fuel cells operate by passing a reactant fuel
gas through the anode, while oxidizing gas is passed
through the cathode. The electrical output of the fuel cell
system depends in part on the rates at which humidified
fuel gas and the oxidizing gas are supplied to, and are
carried through, the anode and the cathode, respectively.
In order to increase or ramp the power output of the fuel
cell system from a low load to a high load corresponding
to a high target power output, the rates at which the hu-
midified fuel gas and the oxidant gas are supplied to the
fuel cell system are correspondingly increased.
[0004] High temperature fuel cell systems, such as
molten carbonate fuel cells ("MCFCs) and solid oxide
fuel cells ("SOFCs"), are capable of operating at high
power outputs of about 250 kW or higher. However, when
the power output or load on the fuel cell system changes,
the thermal profile of the system is also caused to change
in response to the changing electrochemical reaction
rates, imposing thermal and mechanical stresses on the
fuel cell stack. In order to maintain a relatively constant
thermal profile within the fuel cell stack and to minimize
thermal-mechanical stresses on the stack, increases in
the power output and thus the-load on the system typi-
cally must be made at a slow and controlled rate. For
example, the power output for a MCFC system operating
at a low load is typically increased at a rate of 0.5 kW/min
until the system reaches the high target power output.
As a result, a fuel cell system requires a significant
amount of time in order to reach high load operating con-
ditions without causing harm the fuel cell stack.
[0005] In certain circumstances, a fuel cell system op-
erating at high load conditions may suddenly drop from
the high load to a low load. Such sudden drop in the load
and thus the power output may be caused by a short term
grid disruption in which the fuel cell system connected to
a power grid becomes separated from the grid, thus elim-
inating the load source created by the grid and reducing
the load on the system to an island load. In other cases,
the sudden drop in the power output is commanded by
a controller to allow a process change, such as fuel
switching, or to address a failure of a system component.
This sudden commanded drop in power output may result

in a low load condition or a zero load condition.
[0006] Upon the return of the system’s ability to ramp
to a high load, the conventional method is to increase,
or ramp, the power output of the fuel cell at a slow gradual
rate from the low load to the high load, terminating at the
high target power output. The high target power output
is usually equivalent to the previous high load. The con-
ventional method requires a significant amount of time,
and therefore results in a considerable reduction in the
system’s electrical output and efficiency.
[0007] US Patent Application Publication No.
2002/0082785 discloses a system for controlling the tran-
sient response of fuel cell system in which a controller is
used to control a fuel flow to the fuel cell stack so as to
control a power output of the fuel sell stack to accommo-
date changes in the power consumed by the load. The
controller controls the maximum rate at which a fuel proc-
essor increases its fuel production to be supplied to the
stack in order to minimize carbon monoxide that away
be produced if the fuel processor is caused to operate
too rapidly, In addition, the controller determines occur-
rence of a down transient when the power consumed by
the load decreases below a threshold, and controls the
fuel processor to decrease its output in response.
[0008] Accordingly, a rapid recovery of the load to al-
low the fuel cell system to quickly return to a high load
operating conditions after the disruption without causing
harm to the fuel cell stack is desired.
[0009] It is therefore an object of this invention to pro-
vide a method for rapid recovery of high load conditions
in the fuel cell system after a momentary drop of the load
from high to low.
[0010] It is a further object of the invention to provide
a method for rapid load recovery that minimizes thermal
and mechanical stresses on the fuel cell stack and does
not result in damage to the stack.

Summary of the Invention

[0011] The above and other objectives are realized in
a fuel cell system having a fuel cell and a power load
controller for controlling a power output of the fuel cell
system. The power load controller is adapted to perform
a load recovery procedure if the load drops from a high
load to a low load and the ability to ramp to a high target
power output is thereafter restored. The high target pow-
er output is substantially equal or close to the high load
before the drop from the high load to the low load. Par-
ticularly, the controller is adapted to perform a rapid load
recovery procedure by controlling the power output of
the fuel cell system to increase from a power output cor-
responding to the low load to the high target power output
corresponding to the high load at a first predetermined
rate if all of one or more predetermined conditions are
satisfied, and is adapted to perform a standard load re-
covery procedure by controlling the power output to in-
crease to the power output corresponding to the high
target power output at a second predetermined rate that

1 2 



EP 2 050 160 B1

3

5

10

15

20

25

30

35

40

45

50

55

is lower than the first predetermined rate if at least one
of the predetermined conditions is not satisfied. The high
load is at least 10 kW greater than the low load and the
load drop from the high load to the low load is an instan-
taneous load drop over a time period of 10 seconds or
less.
[0012] In some illustrative embodiments, the fuel cell
system receives input fuel, input water and input oxidant
and further comprises a humidifying assembly for com-
bining the input fuel with water to produce humidified fuel.
The controller controls the power output of the fuel cell
system by controlling the flow rates of at least the input
fuel and the input water, wherein the flow rates of the
input fuel and water are controlled such that the carbon
to steam ratio is constant during the performing of the
rapid load recovery procedure. In some embodiments,
the controller also controls the flow rate of the input oxi-
dant to the system.
[0013] In some illustrative embodiments, the predeter-
mined conditions for performing the rapid load recovery
procedure include a first condition that a time period
elapsed between the dropping of the load from the high
load to the low load and the restoration of the ability to
ramp to the high target power output is equal to or less
than a first predetermined period and a second condition
that a time period elapsed since completion of a preced-
ing rapid load recovery procedure is equal to or greater
than a second predetermined time period. An example
of a first predetermined time period is 15 minutes and a
second predetermined time period is 90 minutes. Exam-
ples of first and second predetermined rates are 50
kW/min and 0.5 kW/min, respectively. In some cases,
the predetermined conditions further include a third con-
dition that no power alarms in the fuel cell system are
activated.
[0014] In some illustrative embodiments of the fuel cell
system, the fuel cell system is connected to a power grid,
and the load on the system is set by the controller. In
other embodiments, the fuel cell system is independent
of a power grid and the load is determined by one or more
power consumption devices connected to the fuel cell
system.
[0015] A method of operating a fuel cell system pro-
vided with an input fuel, an input water and an input ox-
idant and comprising a humidifying assembly and a fuel
cell having an anode and a cathode, is also described.

Brief Description of the Drawings

[0016] The above and other features and aspects of
the present invention will become more apparent upon
reading the following detailed description in conjunction
with the accompanying drawings in which:

FIG. 1 shows a fuel cell system employing a load
control assembly for controlling power output of the
system and for performing rapid load recovery;
FIG. 2 shows a flow chart of operations of a controller

of the load control assembly of FIG. 1;
FIG. 3 shows a flow chart of operations of the con-
troller of the load control assembly of FIG. 1 in se-
lecting an appropriate load recovery procedure; and
FIG. 4 shows a chart of operations of the fuel cell
system of FIG. 1 operating on a power grid, after
temporary disconnection of the system from the pow-
er grid.

Detailed Description

[0017] FIG. 1 shows a fuel cell system 100. The fuel
cell system 100 includes a power load controller 501 for
determining a load and changes in the load from time to
time and controlling the power output 100A of the fuel
cell system 100 during the system’s operation in accord-
ance with a power output set point 501A, the determined
load on the system 100 and changes in the load. The
power output set point is a moving set point which is
adjusted by the controller based on the determined load
and changes in the load and corresponds to the desired
power output from the fuel cell system 100 at a given
time while the power plant is grid connect, and corre-
sponds to the actual power output while the power plant
is in island mode or grid disconnected. In particular, the
controller 501 controls the power output 100A of the sys-
tem 100 by controlling the flow rates of at least an input
fuel from a fuel supply 102 and an input water from a
water supply 132 to the system 100 based on the power
output set point 501A. As can be appreciated, the rates
at which the input fuel and the input water are supplied
to the system 100 determine the allowable amount of
electric power outputted by the fuel cell system as well
as the steam to carbon ratio of the fuel supplied to a fuel
cell 109 of the system 100, and it is desired that the flow
rates of the fuel and water are such that the electric power
outputted by the system satisfies the power output set
point. In some embodiments, the controller 501 also con-
trols the flow rate of input air from an air supply 124 to
the system 100 and the operating temperature in the sys-
tem 100 by varying the fuel, water and air flow rates.
[0018] As shown in FIG. 1, the fuel cell system 100
also includes a humidifying assembly 105 which receives
and combines the input fuel and the input water so as to
sufficiently humidify the fuel for use in the fuel cell 109.
In the illustrative embodiment shown, the humidifying as-
sembly 105 comprises a mixer, which receives and com-
bines the input fuel and water to produce humidified fuel,
and a heat exchanger which pre-heats the humidified
fuel to a predetermined temperature. As shown, the hu-
midifying assembly 105 receives the input fuel from the
fuel supply 102 through a connecting line 103a and a
valve 112, and the input water from the water supply 132
via a connecting line 133 and a valve 134. In the mixer
of the humidifying assembly 105, fuel and water are
mixed to produce humidified fuel, and heated to the pre-
determined temperature.
[0019] The fuel cell system 100 in FIG. 1 further in-
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cludes a fuel processing assembly 104, which receives,
cleans and further processes the pre-heated humidified
fuel. The processing assembly 104 may include a deox-
idizer unit and/or a pre-reformer unit. After undergoing
processing in the processing assembly 104, the fuel is
conveyed through a connecting line 107 to a fuel cell
anode 108 of the fuel cell 109, where it reacts with oxidant
gas passing through a fuel cell cathode 110 of the fuel
cell 109 to produce electrical power output. Oxidant gas
inputted to the cathode 110 is produced in an oxidizer
126, which receives and mixes input air from the air sup-
ply 124 and anode exhaust gas comprising unspent fuel
from the fuel cell anode 108, and combusts the input air
and the unspent fuel to produce heated oxidant gas suit-
able for use in the cathode 110.
[0020] As mentioned above and shown in FIG. 1, the
input fuel flow rate from the fuel supply 102 and the input
water flow rate from the water supply 132 are controlled
by the power load controller 501 of the load control as-
sembly 101 based on the power output set point and any
changes in the power output set point, such as for exam-
ple when ramping to a new high target power output. The
operation of the power load controller 501 is schemati-
cally illustrated in the chart shown in FIG. 2.
[0021] As shown in FIG. 2, the power load controller
501 determines in a first step S1 the electric load on the
system 100 and/or any change in the load relative to a
previous determination of the load. As can be appreciat-
ed, if the fuel cell system 100 is connected to a power
grid, the load can be driven to any predetermined set
point or fluctuated as desired because the grid, which
supplies a stable and constant voltage, is capable of ab-
sorbing a full load from the fuel cell=system. When the
fuel cell system 100 is not connected to a power grid, the
load is determined by an "island load," which is a load
connected to and receiving electrical power from the fuel
cell system 100. Based on the determination in the first
step S1, the controller 501 determines the power output
set point and controls the power output of the system in
a second step S2 by controlling the input fuel and input
water flow rates such that sufficient electrical power is
outputted by the system 100 to satisfy the power output
set point. If the fuel cell system is not connected to a
power grid, the power output set point is set equivalent
to the island load such that the island load requirements
are satisfied.
[0022] As shown in FIG. 2, the controller 501 then pro-
ceeds to a third step S3, in which the controller deter-
mines, based on the determination in the first step S1,
whether an instantaneous drop in the power output from
a high load to a low load has occurred. In this illustrative
embodiment, the high load is relative to the low load such
that the high load is at least 10 kW greater than the low
load. Therefore, the instantaneous drop in the power out-
put is a drop of at least 10 kW which occurs over a time
period of 10 seconds or less. As mentioned herein above,
the instantaneous drop in the power output from high
load to low load may occur due to the system discon-

necting from the power grid, such that the load becomes
the "island load." Otherwise, while the system maintains
grid connection the instantaneous drop in load could be
due to a change is power output set point to immediately
drop load to facilitate a system change that must be per-
formed at low or no load, for example to swap fuels, or
due to a failure of a system component. If the controller
501 determines in step S3 that the power output is sub-
stantially constant and that no instantaneous drop in the
power output from a high to a low load has occurred, then
the controller 501 returns to the first step S1 and then to
step S2 to continue monitoring the load and change in
the load and to control the power output of the system
by controlling the input fuel and input water flow rates in
accordance with the power output set point determined
in the second step S2.
[0023] If, in the third step S3, the power load controller
determines that the power output has instantaneously
dropped from a high load to a low load, then the controller
501 proceeds to a fourth step S4 in which the controller
determines the cause of the drop in load and whether
the ability of the system to ramp to a high target power
output has been restored. The high target power output
is the desired power output at high load conditions, which
is substantially the same or close to the high load condi-
tions preceding the instantaneous drop in the power out-
put. For example, when the instantaneous drop in power
output is caused by disconnecting from the power grid,
the ability to ramp to a high target power output is restored
upon reconnecting of the system to the power grid. In
another example, when the instantaneous drop in power
output from high load to low load is commanded by the
controller, for example to facilitate a no-load fuel swap,
the ability to ramp the power output is restored upon com-
pletion of the no-load fuel swap.
[0024] If the controller determines in step S4 that the
ability to ramp to a high target power output has not been
restored, then the controller’s operation proceeds to step
S5 to control the system’s power output by controlling
the input fuel and input water flow rates based on the
load determined in step S4. Following step S5, the con-
troller’s operation returns to step S4 to again determine
the load and whether the ability to ramp to a high target
power output has been restored. If it is again determined
in S4 that the ability to ramp to a high target power output
has not been restored, the controller continues to monitor
the ability to ramp to a high target power output and to
control the power output of the system based on the de-
termined load (steps S4 and S5) until it is determined in
step S4 that the ability to ramp to a high target power
output has been restored.
[0025] If the controller 501 determines in the fourth
step S4 that the ability to ramp to a high power output
has been restored, the operation of the controller’s op-
eration proceeds to step S6 in which the controller 501
selects an appropriate power load recovery procedure
which is then used to increase, or ramp, the power output
set point, and thus the power output, of the fuel cell sys-
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tem 100 until the power output is sufficiently high to satisfy
the high target power output. In particular, the controller
501 determines in step S6 whether a standard load re-
covery procedure or a rapid load recovery procedure is
to be used for recovering the system’s high-power output
operation. After the appropriate load recovery procedure
is selected in step S6, the controller’s operation proceeds
to step S7 to control the ramping of the power output of
the system in accordance with the load recovery proce-
dure selected in S6 until the high target power output
operation of the system is restored. As mentioned herein
above, the power output of the system is controlled by
controlling the flow rates of the input fuel and the input
water to the fuel cell system. When the appropriate load
recovery procedure is completed, i.e. the power output
of the system is sufficient to satisfy the high target power
output, the operation of the controller 501 returns to the
first step S1.
[0026] As mentioned herein above, the standard, or
conventional, load recovery procedure requires a slow
gradual increase in the power output of the fuel cell sys-
tem until the power output is sufficient to satisfy the high
target power output on the system so as to avoid damage
to the system due to thermal and mechanical stresses.
When the standard load recovery procedure is employed,
the controller 501 controls the input fuel and input water
flow rates so that the power output of the system increas-
es in accordance with the ramping of the power output
set point at a standard predetermined rate. The standard
predetermined rate is sufficiently slow so as to avoid dam-
age to the fuel cell system. For example, a rate of about
0.5 kW/min can be used when ramping the power output
set point of the fuel cell system during the standard load
recovery procedure.
[0027] Under certain conditions, however, the rapid
load recovery procedure may be employed to increase
the power output of the system from a low power output
to a high power output sufficient to satisfy the high target
power output at a significantly higher rate. When the re-
quired conditions are satisfied and the rapid load recov-
ery is employed, the controller 501 controls the flow rates
of the input fuel and input water to the system such that
the power output is increased at a rapid load recovery
("RLR") predetermined rate, which is higher than the
standard predetermined rate, until the power output is
sufficient to satisfy the high target power output. For ex-
ample, the power output of the fuel cell system may be
increased by increasing the power output set point at the
RLR rate of about 50 kW/min during the rapid load re-
covery procedure. The use of the rapid load recovery
procedure allows the system to reach high load operation
to satisfy the high target power output in a significantly
shorter period of time as compared to the standard load
recovery procedure.
[0028] As a consequence of increasing the power out-
put of the system at a high rate, such as the RLR prede-
termined rate, the ratio of fuel to water in the system may
be caused to rapidly decrease in relation to the residence

time of the fuel in the fuel path to the anode 108. This, in
turn, causes the fuel diluted with steam to advance too
slowly into the fuel cell anode 108, thus negatively affect-
ing the electrical output and the overall performance of
the system. Accordingly, as will be more fully discussed
below, the flow rates of the input fuel and water supplied
to the system during the performance of the rapid load
recovery procedure need to be controlled such that the
carbon to steam ratio of the fuel remains constant while
the power output of the system is being increased in order
to ensure that the fuel is conveyed to the fuel cell anode
at a required rate.
[0029] The conditions required for the rapid load re-
covery procedure to be employed are further discussed
in detail with reference to FIG. 3, which shows a chart of
logic operations of the controller 501 in selecting the load
recovery procedure to be used after the high power de-
mand is restored. As discussed above with respect to
FIG. 2, the load recovery procedure is performed if the
power output instantaneously drops from a high load to
a low load and thereafter the ability of the system to ramp
to a high target power output is restored. Accordingly,
the operations of the controller 501 shown in FIG. 3 start
with the fuel cell system 100 being enabled and operating
at a high power output 300.
[0030] In a first step S101 of operation of the controller
501 during the high power output operation of the system
100, the controller 501 determines the load and the
change in the load. As mentioned herein above, the load
on the system can be set or adjusted as desired if the
system is connected to the grid, or is determined by the
"island load" if the system is not connected to the grid.
In the next step S 102, the controller 501 determines the
power output set point based on the load and change in
the load determined in S 101, and controls the power
output of the system by controlling the input fuel and input
water flow rates based on the power output set point.
The operation of the controller 501 thereafter proceeds
to a third step S 103 in which the controller determines
whether the power output instantaneously dropped from
a high load to a low load. If it is determined in step S103
that the power output did not instantaneously drop, then
the operation of the controller returns to the first step S
101.
[0031] If, however, it is determined in step S103 that
the power output instantaneously dropped from a high
to a low load, then the operation of the controller proceeds
to step S 104 in which the controller determines the cause
of the drop in load and whether the ability of the system
to ramp to a high target power output has been restored.
As mentioned herein above, the high target power output
is substantially equivalent or close to the power output
before the instantaneous drop in the power output from
the high load to the low load. If in step S 104 the controller
501 determines that the ability to ramp to the high target
power output has not been restored, the controller’s op-
eration proceeds to step S 105 in which the power output
set point is determined based on the load determined in
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S104 and the power output of the system is controlled
by controlling the inlet fuel and water flow rates to the
system based on the power output set point, and there-
after returns to step S104. As discussed above, the con-
troller 501 continues monitoring the load and controlling
the power output set point and the power output of the
system by controlling the inlet fuel and water flow rates
based on the detected load until it is determined in step
S104 that the ability to ramp to the high target power
output has been restored.
[0032] If the controller 501 determines in step S 104
that the ability to ramp to the high target power output
has been restored, then the operation of the controller
501 proceeds to step S 106a in which the controller 501
determines whether a predetermined time period equal
to a first predetermined time period has elapsed since
the determination of the instantaneous drop in the power
output from the high load to the low load. The first pre-
determined time period may vary depending on a variety
of factors, including the size and type of the fuel cell sys-
tem. For example, the first predetermined time period for
a 250 kW direct-reforming molten carbonate fuel cell sys-
tem is about 15 minutes. If it is determined in step S106a
that the first predetermined time period since the instan-
taneous drop in power output has elapsed, then the op-
eration of the controller proceeds to step S 107 to disable
the rapid load recovery procedure and to select the stand-
ard load recovery procedure. As mentioned herein
above, the standard load recovery procedure is per-
formed by slowly and gradually increasing the power out-
put set point, and thus slowly and gradually increasing
the power output of the system 100 in accordance with
the power output set point by controlling the flow rates
of the input fuel and input water, until the power output
is equivalent to the restored high target power output.
[0033] If the controller 501 determines in step S 106a
that the first predetermined time period since the instan-
taneous drop in the power output has not yet elapsed,
then the controller’s operation proceeds to step S106b,
in which the controller 501 determines whether sufficient
time has passed since the last time rapid load recovery
procedure had been used. In particular, the controller
501 determines in S 106b whether a predetermined time
period equal to a second time period has elapsed since
the completion of the preceding rapid load recovery pro-
cedure. Like the first predetermined time period, the sec-
ond predetermined time period also varies depending on
the type and size of the fuel cell system used. For exam-
ple, when a 250 kW direct-reforming molten carbonate
fuel cell system is employed, the second predetermined
time period is equal to 90 minutes.
[0034] If the controller 501 determines in step S106b
that the second predetermined time period since the
completion of the preceding rapid load recovery proce-
dure has not elapsed, then the controller’s operation pro-
ceeds to step S 107 to disable the rapid load recovery
procedure and to select the standard load recovery pro-
cedure. If the controller 501 determines in S106b that the

second predetermined time period has elapsed, then the
controller 501 proceeds to step S 106c in which the con-
troller 501 senses whether any pre-selected power
alarms have been activated. In certain cases, the pre-
selected power alarms comprise all power alarms in the
fuel cell system 100, while in other cases, the pre-select-
ed power alarms comprise only those power alarms that
would have a negative effect on the system’s perform-
ance during the rapid load recovery procedure. If the con-
troller 501 senses that one or more pre-selected power
alarms have been activated, then the controller’s opera-
tion proceeds to step S107 to select the standard load
recovery procedure. However, if the controller 501 con-
firms that no pre-selected power alarms have been acti-
vated, then the controller’s operation proceeds to step S
108 to select the rapid load recovery procedure for re-
covering the high power output operation of the fuel cell
system.
[0035] As discussed above, when the rapid load re-
covery procedure is selected, the power output of the
fuel cell system is increased in accordance with the power
output set point at a significantly higher rate than when
the standard load recovery procedure is used. In certain
embodiments, the power output set point, and thus the
power output of the system, is increased at a rate of about
50 kW/min, which is 100 times faster than the rate used
in the standard load recovery procedure. During the rapid
load recovery performance, the flow rates of the input
fuel and the input water are controlled so as to increase
the power output of the system in accordance with the
power output set point, which is ramped at the RLR pre-
determined rate. In addition, the controller controls the
fuel and water flow rates so that the carbon to steam ratio
of the fuel remains constant while the rapid load recovery
procedure is being performed in order to ensure that the
humidified fuel is conveyed to the fuel cell anode at the
required rate. For example, when a 250 kW direct-re-
forming fuel cell system is used, the controller 501 con-
trols the input fuel and water flow rates so that the carbon
to steam ratio remains at about 2.0.
[0036] As discussed herein above, the load recovery
procedure is performed until the power output of the fuel
cell system is sufficient to satisfy the high target power
output as determined in step S 104. When the power
output becomes sufficient to satisfy the high target power
output, the load recovery procedure is completed, the
fuel cell system is enabled and operating at high power
output 300 and the operation of the controller 501 then
returns to the first step S101.
[0037] The rapid load recovery procedure is particu-
larly useful in fuel cell systems that are connected to a
power grid, which allows the value for the power output
on the fuel cell system to be pre-set. As mentioned above,
when a temporary grid disruption occurs, the fuel cell
system 100 may be caused to temporarily disconnect
from the power grid, resulting in an instantaneous drop
in the power output to the island load, and to reconnect
to the grid, resulting in the restoration of the ability to
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ramp to a high target power output, after a short period
of time. In such situations, the rapid load recovery pro-
cedure is typically appropriate to allow quick recovery of
the power output of the system after the system recon-
nects to the power grid and the ability to ramp the power
output to the high target power output is restored. FIG.
4 demonstrates the operation of the fuel cell system, un-
der the control of the controller 501, when the fuel cell
system connected to the power grid temporarily discon-
nects from the grid for a short period of time.
[0038] As shown in FIG. 4, in the first step S201, the
fuel cell system is connected to the power grid, which
allows the power output of the system to follow the power
output set point, and is exporting power at a high level
that is sufficient to satisfy the high target power output.
The high power operation of the fuel cell system is dis-
rupted when the fuel cell system disconnects from the
power grid and a low load is determined in step S202.
As mentioned above, the system may be caused to dis-
connect from the power grid due to grid disruption or one
or more other factors such as failure of a fuel cell system
component or process changes within the system. As
discussed herein above with respect to FIGS. 2 and 3,
when the controller of the system determines the instan-
taneous drop in the power output from the high load to
the low load, the controller controls the input fuel flow
rate and the input water flow rate in accordance with the
power output set point at the low load until the system is
reconnected with the power grid.
[0039] When the fuel cell system reconnects to the grid
in step S203, the ability to ramp to a high target power
output has been restored. However, as shown in FIG. 4,
the system reconnects to the grid at the previous grid-
independent power output at low load and thus the power
output of the system must be increased or ramped until
it is sufficient to satisfy the high target power output. If
the fuel cell system was disconnected from the power
grid for a short period of time, rapid load recovery proce-
dure for rapid ramping of the power output of the system
may be appropriate. Accordingly, when the fuel cell sys-
tem is reconnected to the power grid and is prepared to
ramp the power output in step S203, the operation pro-
ceeds to step S204 in which the controller determines
whether the conditions for the rapid load recovery pro-
cedure are satisfied. These conditions include the max-
imum length of time elapsed since the disconnection of
the system from the power grid, the minimum length of
time elapsed since the completion of the previous rapid
load recovery procedure, and the absence of any pre-
selected power alarms being activated.
[0040] As discussed herein above with respect to FIG.
3, the controller in step S204 determines whether a pre-
determined time period equal to the first time period has
elapsed since the time the system disconnected from the
grid. In the illustrative embodiment described herein, the
first predetermined time period is 15 minutes. If the first
predetermined time period has elapsed, then the condi-
tions for the rapid load recovery procedure have not been

satisfied and the controller selects the standard load re-
covery procedure in S205, whereby the power output of
the system is slowly and gradually increased in accord-
ance with the power output set point until it satisfies the
high target power output.
[0041] If the first predetermined time period has not
yet elapsed, then the controller determines whether a
second predetermined time period has elapsed since the
completion of the previous rapid load recovery proce-
dure. In the illustrative embodiment described herein, the
second predetermined time period is 90 minutes. If the
controller determines that the second predetermined
time period has not elapsed, then the conditions for the
rapid load recovery procedure have not been satisfied
and rapid load recovery is disabled and the standard load
recovery procedure is selected in step S205. If the con-
troller determines that the second predetermined time
period has passed, the controller then determines wheth-
er any pre-selected power alarms that would prevent rap-
id load recovery have been activated. If any such power
alarms have been activated, then rapid load recovery is
disabled and standard load recovery procedure is select-
ed in S205. If the controller determines that no power
alarms have been activated, then the conditions for the
rapid load recovery procedure have been satisfied and
the operation of the system proceeds to step S206 in
which the rapid load recovery procedure is selected and
performed.
[0042] As discussed above, the rapid load recovery
procedure is performed by increasing the power output
set point, and the power output of the fuel cell system at
a significantly higher rate than during the standard load
recovery procedure. In the present illustrative embodi-
ment, the RLR rate at which the power output set point
is increased during the rapid load recovery procedure is
50 kW/min, while the standard rate at which the power
output set point is increased during the standard load
recovery procedure is 0.5 kW/min. The power output of
the system is increased in accordance with the power
output set point by controlling the input fuel and input
water flow rates, and during the rapid load recovery pro-
cedure the input fuel and water flow rates are controlled
such that the carbon to steam ratio remains constant.
[0043] The rapid load recovery procedure described
herein allows the fuel cell system to recover to high power
output operation after a temporary drop from a high load
to a low load and subsequent restoration of the ability to
ramp to a high target power output at high load conditions
in a significantly shorter time period than if the standard
load recovery procedure is employed. The ability to
quickly recover the high power output operation quickly,
in turn, increases the efficiency and power production by
the fuel cell system. In addition, because the rapid load
recovery procedure is performed within a short time pe-
riod from the time of the sudden drop in the load, the fuel
cell system is not allowed to cool significantly, and the
high rate at which the power output of the system is in-
creased does not result in damage to the system com-
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ponents.
[0044] It should be noted that the controller 501 can
be a conventional PLC (programmable logic controller -
essentially highly reliable robust computer) made by GE.
The control program used, in turn, can be a software
product called "Versapro" again a GE product imple-
mentable in GE PLCs for industrial automation. In other
embodiments, the controller can be a conventional DCS
(distributed control system) manufactured by Foxboro,
and the control program can be software implemented
in the DCS for industrial automation, also manufactured
by Foxboro. In yet another embodiment, the controller
can be a conventional PLC-based "Iconics" system.
[0045] It is understood that the time periods and other
conditions for the performance of the rapid load recovery
are not limited to the conditions described herein. As
mentioned above, the first and second predetermined
time periods used by the controller in determining wheth-
er the rapid load recovery procedure should be employed
may vary depending on the type and size of the fuel cell.
Moreover, other conditions not specifically mentioned
herein may be used in determining whether the rapid load
recovery procedure should be employed.

Claims

1. A fuel cell system (100) comprising:

a fuel cell (109);
a power load controller (501) for controlling a
power output (100A) on the fuel cell system
(100) based on a power output set point (501A);
wherein, if the load drops from a high load to a
low load and the ability to ramp to a high target
power output is thereafter restored, the control-
ler is adapted to perform a rapid load recovery
procedure by controlling the power output
(100A) of said fuel cell system (100) to increase
from a power output (100A) corresponding to
said low load to said high target power output
(300) corresponding to said high load at a first
predetermined rate if all of one or more prede-
termined conditions are satisfied, and said con-
troller (501) performs a standard load recovery
procedure by controlling said power output
(100A) to increase to the power output corre-
sponding to said high target power output (300)
at a second predetermined rate if at least one
of said one or more predetermined conditions is
not satisfied, and
wherein said first predetermined rate is greater
than said second predetermined rate.

2. A fuel cell system (100) in accordance with claim 1,
wherein:

said fuel cell system (100) receives input fuel,

input water and input oxidant;
said fuel cell system (100) further comprises a
humidifying assembly (105) for combining the
input fuel with the input water to produce humid-
ified fuel; and
said fuel cell (109) has an anode (108) for re-
ceiving the humidified fuel and a cathode (110)
for receiving the input oxidant.

3. A fuel cell system (100) for receiving input fuel and
input oxidant in accordance with claim 2, wherein
said controller (501) controls said power output
(100A) by controlling the flow rates of at least the
input fuel and the input water, and wherein said con-
troller (501) controls the flow rates of said input fuel
and the input water such that the carbon to steam
ratio is constant during the performing of said rapid
load recovery procedure.

4. A fuel cell system (100) in accordance with claim 3,
wherein said controller (501) controls the flow rate
of the input oxidant.

5. A fuel cell system (100) in accordance with claim 1,
wherein said one or more predetermined conditions
include a first condition that a time period elapsed
between the dropping of the load from a high load
to a low load and the restoration of the ability to ramp
to said high target power output (300) is equal to or
less than a first predetermined time period.

6. A fuel cell system (100) in accordance with claim 5,
wherein said one or more predetermined conditions
further include a second condition that a time period
elapsed since completion of a preceding rapid load
recovery procedure is equal to or greater than a sec-
ond predetermined time period.

7. A fuel cell system (100) in accordance with claim 6,
wherein said one or more predetermined conditions
further include a third condition that no power alarms
in said fuel cell system (100) are activated.

8. A fuel cell system (100) in accordance with claim 6,
wherein said first predetermined time period is 15
minutes and said second predetermined time period
is 90 minutes.

9. A fuel cell system (100) in accordance with claim 8,
wherein said first predetermined rate is 50 kW/min
and said second predetermined rate is 0.5 kW/min.

10. A fuel cell system (100) in accordance with claim 1,
wherein said fuel cell system (100) is connected to
a power grid and said load is set by said controller.

11. A fuel cell system (100) in accordance with claim 1,
wherein said fuel cell system (100) is independent
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of a power grid and said load is determined by one
or more power consumption devices connected to
said fuel cell system (100).

12. A method of operating a fuel cell system (100) in
accordance with any of claims 1 to 11 and 13, said
fuel cell system (100) having a fuel cell (109), said
method comprising:

controlling via a controller (501) a power output
(100A) of the fuel cell system (100) based on a
power output set point (501A) and changes in
detected load of said system (100), such that if
said load drops from a high load to a low load
and an ability to ramp to a high target power
output (300) is thereafter restored, performing a
rapid load recovery procedure by controlling the
power output (100A) of said fuel cell system
(100) to increase from a power output corre-
sponding to said low load to said high target pow-
er output (300) corresponding to said high load
at a first predetermined rate if all of one or more
predetermined conditions are satisfied, and per-
forming a standard load recovery procedure by
controlling said power output (100A) to increase
to said high target power output (300) at a sec-
ond predetermined rate if at least one of said
predetermined conditions is not satisfied,
wherein said first predetermined rate is greater
than said second predetermined rate.

13. A fuel cell system (100) in accordance with claim 1,
wherein said high load is at least 10kW greater than
said low load and said load drop is an instantaneous
load drop from said high load to said low load over
a time period of 10 seconds or less.

Patentansprüche

1. Brennstoffzellensystem (100), umfassend:

eine Brennstoffzelle (109);
ein Stromlaststeuergerät (501), um eine Aus-
gangsleistung (100A) bei dem Brennstoffzellen-
system (100) auf Grundlage eines Ausgangslei-
stungssollwerts (501A) zu steuern;
wobei das Steuergerät angepasst ist, um eine
schnelle Lastwiederherstellungsprozedur aus-
zuführen, wenn die Last von einer hohen Last
auf eine niedrige Last abfällt, und das vermögen,
auf eine hohe Zielausgangsleistung hochzufah-
ren, danach wiederhergestellt ist, indem die
Ausgangsleistung (100A) des Brennstoffzellen-
systems (100) gesteuert wird, sich mit einer er-
sten vorbestimmten Geschwindigkeit von einer
Ausgangsleistung (100A) entsprechend der
niedrigen Last auf die hohe Zielausgangslei-

stung (300) entsprechend der hohen Last zu er-
höhen, wenn alle von einer oder mehreren vor-
bestimmten Bedingungen erfüllt sind, und das
Steuergerät (501) eine Standardlastwiederher-
stellungsprozedur ausführt, indem die Aus-
gangsleistung (100A) gesteuert wird, sich mit ei-
ner zweiten vorbestimmten Geschwindigkeit auf
die Ausgangsleistung entsprechend der hohen
Zielausgangsleistung (300) zu erhöhen, wenn
mindestens eine von der einen oder den meh-
reren vorbestimmten Bedingungen nicht erfüllt
ist, und
wobei die erste vorbestimmte Geschwindigkeit
größer als die zweite vorbestimmte Geschwin-
digkeit ist.

2. Brennstoffzellensystem (100) nach Anspruch 1, bei
dem:

das Brennstoffzellensystem (100) zugeführten
Brennstoff, zugeführtes Wasser und zugeführ-
tes Oxidationsmittel aufnimmt;
das Brennstoffzellensystem (100) weiter eine
Befeuchtungsanordnung (105) umfasst, um den
zugeführten Brennstoff mit dem zugeführten
Wasser zu kombinieren, um befeuchteten
Brennstoff zu erzeugen; und
die Brennstoffzelle (109) aufweist: eine Anode
(108), um den befeuchteten Brennstoff aufzu-
nehmen, und eine Kathode (110), um das zu-
geführte Oxidationsmittel aufzunehmen.

3. Brennstoffzellensystem (100) zur Aufnahme von zu-
geführtem Brennstoff und zugeführtem Oxidations-
mittel nach Anspruch 2, bei dem das Steuergerät
(501) die Ausgangsleistung (100A) steuert, indem
die Durchsätze von mindestens dem zugeführten
Brennstoff und dem zugeführten Wasser gesteuert
werden, und bei dem das Steuergerät (501) die
Durchsätze des zugeführten Brennstoffs und des zu-
geführten Wassers so steuert, dass das Kohlenstoff-
zu-Dampf-Verhältnis während der Ausführung der
schnellen Lastwiederherstellungsprozedur konstant
ist.

4. Brennstoffzellensystem (100) nach Anspruch 3, bei
dem das Steuergerät (501) den Durchsatz des zu-
geführten Oxidationsmittels steuert.

5. Brennstoffzellensystem (100) nach Anspruch 1, bei
dem die eine oder mehreren vorbestimmten Bedin-
gungen eine erste Bedingung umfassen, dass eine
Zeitspanne, die zwischen dem Abfallen der Last von
einer hohen Last auf eine niedrige Last und der Wie-
derherstellung des Vermögens, auf die hohe Ziel-
ausgangsleistung (300) hochzufahren, verstrichen
ist, gleich oder kleiner als eine erste vorbestimmte
Zeitspanne ist.
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6. Brennstoffzellensystem (100) nach Anspruch 5, bei
dem die eine oder mehreren vorbestimmten Bedin-
gungen weiter eine zweite Bedingung umfassen,
dass eine Zeitspanne, die seit Abschluss einer vor-
hergehenden schnellen Lastwiederherstellungspro-
zedur verstrichen ist, gleich oder größer als eine
zweite vorbestimmte Zeitspanne ist.

7. Brennstoffzellensystem (100) nach Anspruch 6, bei
dem die eine oder mehreren vorbestimmten Bedin-
gungen weiter eine dritte Bedingung umfassen, dass
kerne Leistungswarnungen in dem Brennstoffzellen-
system (100) aktiviert sind.

8. Brennstoffzellensystem (100) nach Anspruch 6, bei
dem die erste vorbestimmte Zeitspanne 15 Minuten
ist und die zweite vorbestimmte Zeitspanne 90 Mi-
nuten ist.

9. Brennstoffzellensystem (100) nach Anspruch 8, bei
dem die erste vorbestimmte Geschwindigkeit 50
kW/min ist und die zweite vorbestimmte Geschwin-
digkeit 0,5 kW/min ist.

10. Brennstoffzellensystem (100) nach Anspruch 1, bei
dem das Brennstoffzellensystem (100) mit einem
Stromnetz verbunden ist und die Last durch das
Steuergerät eingestellt ist.

11. Brennstoffzellensystem (100) nach Anspruch 1, bei
dem das Brennstoffzellensystem (100) unabhängig
von einem Stromnetz ist und die Last durch ein oder
mehrere Stromverbrauchsgeräte bestimmt ist, die
mit dem Brennstoffzellensystem (100) verbunden
sind.

12. Verfahren zum Betreiben eines Brennstoffzellensy-
stems (100) nach einem der Ansprüche 1 bis 11 und
13, wobei das Brennstoffzellensystem (100) eine
Brennstoffzelle (109) aufweist, wobei das Verfahren
umfasst:

Steuern einer Ausgangsleistung (100A) des
Brennstoffzellensystems (100) auf Grundlage
eines Ausgangsleistungssollwerts (501A) und
von Änderungen in einer detektierten Last des
Systems (100) über ein Steuergerät (501), der-
art dass, wenn die Last von einer hohen Last
auf eine niedrige Last abfällt und ein Vermögen,
auf eine hohe zielausgangsleistung (300) hoch-
zufahren, danach wiederhergestellt ist: Ausfüh-
ren einer schnelle Lastwiederherstellungspro-
zedur, indem die Ausgangsleistung (100A) des
Brennstoffzellensystems (100) gesteuert wird,
sich mit einer ersten vorbestimmten Geschwin-
digkeit von einer Ausgangsleistung entspre-
chend der niedrigen Last auf die hohe Zielaus-
gangsleistung (300) entsprechend der hohen

Last zu erhöhen, wenn alle von einer oder meh-
reren vorbestimmten Bedingungen erfüllt sind,
und Ausführen einer Standardlastwiederher-
stellungsprozedur, indem die Ausgangsleistung
(100A) gesteuert wird, sich mit einer zweiten
vorbestimmten Geschwindigkeit auf die hohe
zielausgangsleistung (300) zu erhöhen, wenn
mindestens eine von den vorbestimmten Bedin-
gungen nicht erfüllt ist,
wobei die erste vorbestimmte Geschwindigkeit
größer als die zweite vorbestimmte Geschwin-
digkeit ist.

13. Brennstoffzellensystem (100) nach Anspruch 1, bei
dem die hohe Last mindestens 10 kW größer als die
niedrige Last ist und der Lastabfall ein augenblickli-
cher Lastabfall von der hohen Last auf die niedrige
Last über eine Zeitspanne von 10 Sekunden oder
weniger ist.

Revendications

1. Système de pile à combustible (100) comprenant :

une pile à combustible (109) ;
un régulateur de charge de puissance (501)
pour réguler une puissance de sortie (100A) sur
le système de pile à combustible (100) en fonc-
tion d’une consigne de puissance de sortie
(501A) ;
dans lequel, si la charge chute d’une charge éle-
vée à une faible charge et si la capacité d’aug-
mentation graduelle jusqu’à une puissance de
sortie cible élevée est restaurée par la suite, le
régulateur est adapté pour effectuer une procé-
dure de récupération rapide de charge en régu-
lant la puissance de sortie (100A) dudit système
de pile à combustible (100) pour qu’elle aug-
mente d’une puissance de sortie (100A) corres-
pondant à ladite faible charge à ladite puissance
de sortie cible élevée (300) correspondant à la-
dite charge élevée à un premier taux prédéter-
miné si toutes d’une ou plusieurs conditions pré-
déterminées sont satisfaites, et ledit régulateur
(501) exécute une procédure de récupération
standard de charge en régulant ladite puissance
de sortie (100A) pour qu’elle augmente jusqu’à
la puissance de sortie correspondant à ladite
puissance de sortie cible élevée (300) à un se-
cond taux prédéterminé si au moins l’une des-
dites une ou plusieurs conditions prédétermi-
nées n’est pas satisfaite, et
dans lequel ledit premier taux prédéterminé est
supérieur audit second taux prédéterminé.

2. Système de pile à combustible (100) selon la reven-
dication 1, dans lequel :
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ledit système de pile à combustible (100) reçoit
un combustible d’entrée, de l’eau d’entrée et un
oxydant d’entrée ;
ledit système de pile à combustible (100) com-
prend en outre un ensemble humidificateur
(105) pour combiner le combustible d’entrée à
l’eau d’entrée afin de produire un combustible
humidifié ; et
ladite pile à combustible (109) comporte une
anode (108) pour recevoir le combustible humi-
difié et une cathode (110) pour recevoir l’oxy-
dant d’entrée.

3. Système de pile à combustible (100) destiné à rece-
voir un combustible d’entrée et un oxydant d’entrée
selon la revendication 2, dans lequel ledit régulateur
(501) régule ladite puissance de sortie (100A) en
régulant les débits d’au moins le combustible d’en-
trée et l’eau d’entrée, et dans lequel ledit régulateur
(501) régule les débits dudit combustible d’entrée et
de l’eau d’entrée de telle sorte que le rapport carbo-
ne/vapeur soit constant durant l’exécution de ladite
procédure de récupération rapide de charge.

4. Système de pile à combustible (100) selon la reven-
dication 3, dans lequel ledit régulateur (501) régule
le débit de l’oxydant d’entrée.

5. Système de pile à combustible (100) selon la reven-
dication 1, dans lequel lesdites une ou plusieurs con-
ditions prédéterminées comportent une première
condition qu’une période de temps écoulée entre la
chute de la charge d’une charge élevée à une faible
charge et la restauration de la capacité d’augmenter
graduellement jusqu’à ladite puissance de sortie ci-
ble élevée (300) est égale ou inférieure à une pre-
mière période de temps prédéterminée.

6. Système de pile à combustible (100) selon la reven-
dication 5, dans lequel lesdites une ou plusieurs con-
ditions prédéterminées comportent une deuxième
condition qu’une période de temps écoulée depuis
la fin d’une procédure de récupération rapide de
charge précédente est égale ou supérieure à une
seconde période de temps prédéterminée.

7. Système de pile à combustible (100) selon la reven-
dication 6, dans lequel lesdites une ou plusieurs con-
ditions prédéterminées comportent une troisième
condition qu’aucune alarme de puissance dans ledit
système de pile à combustible (100) n’est activée.

8. Système de pile à combustible (100) selon la reven-
dication 6, dans lequel ladite première période de
temps prédéterminée est de 15 minutes et ladite se-
conde période de temps prédéterminée est de 90
minutes.

9. Système de pile à combustible (100) selon la reven-
dication 8, dans lequel ledit premier taux prédéter-
miné est de 50 kW/min. et ledit second taux prédé-
terminé est de 0,5 kW/min.

10. Système de pile à combustible (100) selon la reven-
dication 1, dans lequel ledit système de pile à com-
bustible (100) est connecté à un réseau électrique
et ladite charge est réglée par ledit régulateur.

11. Système de pile à combustible (100) selon la reven-
dication 1, dans lequel ledit système de pile à com-
bustible (100) est indépendant d’un réseau électri-
que et ladite charge est déterminée par un ou plu-
sieurs dispositifs de consommation de puissance
connectés audit système de pile à combustible
(100).

12. Procédé d’exploitation d’un système de pile à com-
bustible (100) selon l’une quelconque des revendi-
cations 1 à 11 et 13, ledit système de pile à combus-
tible (100) ayant une pile à combustible (109), ledit
procédé comprenant :

la régulation par l’intermédiaire d’un régulateur
(501) d’une puissance de sortie (100A) du sys-
tème de pile à combustible (100) en fonction
d’une consigne de puissance de sortie (501 A)
et de changements de la charge détectée dudit
système (100), de telle sorte que si ladite charge
chute d’une charge élevée à une faible charge
et si une capacité d’augmentation graduelle jus-
qu’à une puissance de sortie cible élevée (300)
est restaurée par la suite, une procédure de ré-
cupération rapide de charge soit exécutée en
régulant la puissance de sortie (100A) dudit sys-
tème de pile à combustible (100) pour qu’elle
augmente d’une puissance de sortie correspon-
dant à ladite faible charge à ladite puissance de
sortie cible élevée (300) correspondant à ladite
charge élevée à un premier taux prédéterminé
si toutes d’une ou plusieurs conditions prédéter-
minées sont satisfaites, et qu’une procédure de
récupération standard de charge soit exécutée
en régulant ladite puissance de sortie (100A)
pour qu’elle augmente jusqu’à ladite puissance
de sortie cible élevée (300) à un second taux
prédéterminé si au moins l’une desdites une ou
plusieurs conditions prédéterminées n’est pas
satisfaite, et
dans lequel ledit premier taux prédéterminé est
supérieur audit second taux prédéterminé.

13. Système de pile à combustible (100) selon la reven-
dication 1, dans lequel ladite charge élevée est su-
périeure à ladite faible charge par au moins 10kW
et ladite chute de charge est une chute de charge
instantanée de ladite charge élevée à ladite faible
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charge sur une période de temps de 10 secondes
ou moins.
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